The chemical compositions of essential oils obtained from Ocimum basilicum var. thyrsiflora (1.39 % dry weight) and Ocimum basilicum (0.61 %) were analyzed by GC-MS. Seventy-three constituents representing 99.64 % of the chromatographic peak area were obtained in the O. basilicum var. thyrsiflora oil, whereas 80 constituents representing 91.11 % observed in the essential oil of O. basilicum were obtained. Methyl chavicol (81.82 %), β-(E)-ocimene (2.93 %) and α-(E)-bergamotene (2.45 %) were found to be the dominant constituents in O. basilicum var. thyrsiflora oil while O. basilicum contained predominantly linalool (43.78 %), eugenol (13.66 %) and 1,8-cineole (10.18 %). The clear separation of the volatiles in all samples, demonstrated by the application of GC×GC, resulted in significantly different fingerprints for the two types of basil. The O. basilicum oil showed strong antioxidant activity while the oil of O. basilicum var. thyrsiflora exhibited very low activity, which was attributed to the significant differences in linalool and eugenol contents in these essential oils.
INTRODUCTION
Basil (Ocimum basilicum), belonging to the Lamiaceae family, is one of the most popular plants grown extensively in many continents around the world, especially in Asia, Europe and North America. Basil is believed to have originated in Iran and/or India. At least 150 species of the genus Ocimum are widely CHEMICAL COMPOSITION AND ANTIOXIDANT ACTIVITY OF BASIL 1505 pounds identified in these samples. The relative abundances of the different constituents allowed differentiation between the examined cultivars.
In the present study, O. basilicum var. thyrsiflora and O. basilicum plants were grown in northern Thailand. The chemical compositions of the essential oils of the leaves of both cultivars were identified by using GC-MS and confirmed by the linear retention indices. The use of GC×GC with a longitudinally modulated cryogenic system (LMCS) was also employed to clearly differentiate between the fingerprints of these oil samples. Additionally, the analyses of the volatile constituents of all oils were completed by an evaluation and determination of the antioxidant activities of the essential oil samples. O. basilicum var. thyrsiflora plant has narrow green leaves, purple-red stems and violet pink flowers, whereas O. basilicum plant has light-green stems, elliptic-ovate leaves and white flowers. The leaves were separated by hand and then dried in the shade for 10 days before being subjected to simultaneous distillation-extraction (SDE). All basil essential oil samples obtained were diluted 1:10 v/v with n-hexane prior to injection into the GC-MS and GC×GC instruments. All chemicals were of analytical grade and consisted of dichloromethane, anhydrous sodium sulfate, mixtures of C 8 to C 22 n-alkanes and 2,2-diphenyl-1-picrylhydrazyl (DPPH) which were purchased from Merck (Darmstadt, Germany), and gallic acid, purchased from Sigma-Aldrich GmbH. (Steinheim, Germany).
Gas chromatography-Mass spectrometry (GC-MS)
The volatile constituents of basil leaf oils were analyzed using a Hewlett Packard model HP6890 gas chromatograph (Agilent Technologies, Palo Alto, CA, USA) equipped with an HP-5MS (5 % phenyl-polymethylsiloxane) capillary column (30 m×0.25 mm i.d., film thickness 0.25 μm; Agilent Technologies, USA) interfaced to an HP model 5973 mass-selective detector. The oven temperature was initially held at 100 °C and then increased at 2 °C min -1 to 220 °C. The injector and detector temperatures were 250 and 280 °C, respectively. Purified helium was used as the carrier gas at a flow rate of 1 mL min -1 . The EI mass spectra were collected at an ionization voltage of 70 eV over the m/z range 29-300. The electron multiplier voltage was 1150 V. The ion source and quadrupole temperatures were set at 230 and 150 °C, respectively. Identification of volatile components was performed by comparison of their Kováts retention indices, relative to C 8 -C 22 n-alkanes, and comparison of the mass spectra of individual components with the reference mass spectra in the Wiley 275 and NIST 98 databases and with the corresponding data for components in basil. 10, 19, 28, 29 Comprehensive two-dimensional gas chromatography (GC×GC)
A gas chromatograph, model HP 6890, equipped with an FID detector and an HP 6890 series auto sampler was used for the GC×GC-FID experiments and was operated at 100 Hz 1506 PRIPDEEVECH et al. data acquisition. The GC was retrofitted with a longitudinally modulated cryogenic system, LMCS (Chromatography Concepts, Doncaster, Australia). CO 2 was employed as the cryogen, which was thermostatically controlled at about -20 °C for the duration of each run. The injection temperature was 250 °C with an injection volume of 1.0 µL in the split mode with a split ratio of 100:1. The injection and detector temperature were operated at 250 °C. Hydrogen gas was used as the carrier gas at a flow rate of 1.5 mL min -1 . The GC was operated in the constant flow mode. The column set for GC×GC analysis consisted of two capillary columns which were serially coupled by a zero-dead-volume fitting. The column sets and operation conditions used in this experiment are listed in Table I . The columns are available from SGE International (Ringwood, Australia). The GC×GC column set BPX5/BP20 (Column set 1) was 5 % phenyl polysilphenylene-siloxane connected to a polyethylene glycol phase, which separates most components according to boiling point rather than polarity, while the separation polar/non-polar was obtained using the column set Solgel wax/BP1 (Column set 2) which is the combination of an inverse phase of poly(ethylene glycol) and 100 % dimethylpolysiloxane. Both column sets were selected to investigate the basil volatiles in all samples due to the different properties of these column sets. 
Antioxidant activity
DPPH radical scavenging assay. The radical scavenging abilities of O. basilicum var. thyrsiflora and O. basilicum essential oils based on reaction with the 2,2-diphenyl-2-picrylhydrazyl radical (DPPH˙) were evaluated by a spectrophotometric method based on the reduction of a methanol solution of DPPH according to a modified method of Blois. 30 One milliliter of various concentrations of the each oil in methanol was added to 1 mL of a 0.003 % methanol solution of DPPH and the reaction mixture was shaken vigorously. The tubes were allowed to stand at room temperature (27 °C) for 30 min. Each reaction mixture was then placed in the cuvette holder of a Perkin Elmer-Lambda 25 UV/Vis spectrophotometer and monitored at 517 nm against a methanol blank. The scavenging ability was calculated as follows: scavenging ability = 100×(absorbance of control -absorbance of sample/absorbance of control). The antioxidant activity of all essential oils is expressed as IC 50 , which is defined as the concentration (in µg mL -1 ) of oil required to inhibit the formation of DPPH radicals by 50 %. The experiment was performed in triplicate.
Determination of the total phenolic contents. Total phenolic content of the essential oils obtained from O. basilicum var. thyrsiflora and O. basilicum leaves was determined using Folin-Ciocalteu reagent according to a modified method of Singleton and Rossi 31 using gallic acid as the standard. The oil solution (0.2 mL) was mixed with 1.0 mL of Folin-Ciocalteu reagent, 1.0 mL of a 7 % aqueous solution of Na 2 CO 3 and 5.0 mL of distilled water. Then, the mixture was vigorously vortexed. The reaction mixtures were allowed to stand for 30 min before the absorbance at 765 nm was measured. The concentration of both essential oils was set to 5 mg mL -1 . The same procedure was also applied to standard solutions of gallic acid. The calibration equation for gallic acid was:
where y is the absorbance and x is the concentration of gallic acid in mg mL -1 .
RESULTS AND DISCUSSION
The essential oil of the leaves of O. basilicum var. thyrsiflora and O. basilicum were extracted using a modified Likens-Nickerson apparatus and appeared as viscous yellow liquids with a percentage yield of 1.39 and 0.61 (w/w), respectively. These essential oils were subjected to detailed GC-MS analysis in order to determine the volatile constituents. Overall, 81 volatile constituents were identified among the two basil leaf oil samples. The GC-MS chromatograms of all samples are shown in Fig. 1 . The structures of the volatile components identified by GC-MS, their relative area percentages and their retention indices are summarized in Table II 32 (45.7 %) and Gurbuz et al. 33 (41.2 %). In other studies, methyl chavicol (estragole) was represented as the major constituent in the O. basilicum leaf oils as can be seen in the study of Khatri et al., 34 Telci et al. 10 and Chalchat et al. 28 Additionally, methyl eugenol was detected as the main component in O. basilicum leaf oil in Thailand by Suppakul et al. 29 These differences indicate that the chemical composition of the essential oils of O. basilicum varieties may be correlated with different environmental and ecological conditions, as well as by genetic factors.
The overall volatile constituents of the basil leaf oil samples were analyzed using the GC×GC technique. In this study, the conventional combination of columns BPX5/BP20 (Column set 1) and columns Solgel wax/BP1 (Column set 2) were also employed ( Table I ). The essential oil of O. basilicum leaves was used for the optimization of the conditions in both column sets due to the higher number of components identified by GC-MS than for the oil obtained from O. basilicum var. thyrsiflora. The resulting GC×GC-FID contour plots obtained by the two column sets for all samples are shown in Fig. 2 . The component separation in the Column set 1 was based on boiling point and polarity in first and second columns, respectively, but the separation was the reverse in the Column set 2. As seen in the contour plots in Fig. 2 The components are grouped into 3 groups: monoterpenes (A), sesquiterpenes (B) and oxygenated sesquiterpenes (C).
Figs. 2(1) and 2(2), respectively. This indicates that a better resolution was achieved by the use of Column set 1, in which many overlapping peaks were resolved in the 2 nd dimension, allowing additional volatile components to be detected. The differentiations of the chemical composition among two varieties by the Column set 1 are present as contour plots shown in Fig. 2 (2) and 2(3), respectively. At least 92 and 101 volatile components were detected in O. basilicum var. thyrsiflora and O. basilicum leaf essential oil, respectively. Nevertheless, using GC×GC, more compounds were found and separated compared to those obtained by GC-MS. Grouping of the various components are highlighted in the circled areas: A includes the monoterpenes, B includes the sesquiterpenes, and C includes the oxygenated sesquiterpenes. Although similar fingerprint patterns were exhibited in both essential oil profiles, the number of oxygenated monoterpenes (region A) of O. basilicum var. thyrsiflora essential oil was found to be significantly higher compared to that of the O. basilicum essential oil profile. The similar profiles of volatile sesquiterpenes (region B) in both essential oils are shown in Fig. 2 The other results show that a stronger antioxidant activity was found with standard linalool (IC 50 = 0.61±0.05 µg mL -1 ) and eugenol (IC 50 = 2.83±0.08 µg mL -1 ) than with either of the essential oils. Thus an essential oil containing a higher level of linalool and eugenol should provide a stronger antioxidant activity as was found by Jilisni and Simon 35 who reported that a stronger antioxidant activity was found in the essential oil containing a higher level of linalool. As a result, the O. basilicum essential oil was evaluated to be the stronger antioxidant than the essential oil of O. basilicum var. thyrsiflora according to the higher level of linalool and eugenol. The different levels of linalool and eugenol found between O. basilicum and O. basilicum var. thyrsiflora may be related to ecological conditions and genetic factors. The amounts of total phenolic compounds in both the essential oils were investigated spectrometrically according to the Folin-Ciocalteu procedure, calculated as gallic acid equivalents. The essential oil of O. basilicum leaves contained higher amounts of total phenolic than that of O. basilicum var. thyrsiflora leaf oil, as can be seen in Table III var. thyrsiflora essential oil are 0.102±0.009 and 0.070±0.004 mg mL -1 , respectively, at the same concentration of 5 mg mL -1 . In the present study, linalool (43.78 %) and eugenol (13.66 %), the major components in the essential oil of O. basilicum, would play an important role in the antioxidant activity. The low amounts of linalool (0.43 %) and eugenol (0.02 %) in O. basilicum var. thyrsiflora oil are reflected in its relatively low antioxidant activity.
CONCLUSIONS
Although the chemical compositions of the essential oils of O. basilicum var. thyrsiflora and O. basilicum leaves were similar, both oil samples had significant differences in their major constituents, as determined by GC-MS. In addition, GC×GC separation was utilized to monitor the profiles of both samples and good resolution was exhibited using a combination of non-polar and polar columns. Thus, this technique could be very useful for quality control during the industrial production of these essential oils. Finally, the high amount of linalool and eugenol in O. basilicum compared to O. basilicum var. thyrsiflora is likely responsible for the higher antioxidant activity of the former oil.
